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,QWURGXFWLRQ
3XOVH LV D OHDQ GHYLDWLRQPDQDJHPHQWPHWKRGRORJ\ GHYHORSHG E\ 6FDQLD LQ  7KH QDPH FRPHV IURP WKH
DQDORJ\ EHWZHHQGRFWRUV FKHFNLQJ WKH SXOVH RI WKHLU SDWLHQWV WR IROORZ WKH SDWLHQWV¶ KHDOWK DQGPDQDJHUV KDYLQJ
PHHWLQJV WR FKHFN WKH VWDWXV RI WKH FRPSDQ\ 3XOVHPHWKRGRORJ\ 30 FRQVLVWV RI WZRPDLQ FRPSRQHQWV SXOVH
PHHWLQJVDQGSXOVHERDUGV7KHSXUSRVHRI WKHSXOVHPHHWLQJVLV WRV\QFKURQL]HWKHFRPSDQ\3XOVHPHHWLQJVDUH
KHOGUHJXODUO\DPRQJPDQDJHUV7KHIUHTXHQF\RIWKHPHHWLQJVFDQYDU\IURPRQFHDZHHNWRRQFHDGD\GHSHQGLQJ
RQ WKHZRUNORDG KLJKHU WKHZRUNORDGPRUH IUHTXHQWO\ WKHPHHWLQJV DUH 7KHPHHWLQJV JHQHUDOO\ ODVW DURXQG 
PLQXWHV$WWHQGHHVVWDQGLQIURQWRIWKHSXOVHERDUGDQGJLYHEULHILQIRUPDWLRQDERXWWKHLUVWDWXVZKLOHXSGDWLQJWKH
ERDUGDFFRUGLQJO\)LJDVKRZVDSXOVHPHHWLQJZKLOHDQDWWHQGHHLVVKDULQJKLVSURMHFW¶VVWDWXVZLWKWKHRWKHU
DWWHQGHHV30XVHVSXOVHERDUGVWRWUDFNDQGPDQDJHGHYLDWLRQV)LJEVKRZVDPRFNXSRIDUHDOSXOVHERDUG
7KH\KDYHPXFKIOH[LELOLW\DQGWKHZD\VWKH\ZHUHXVHGZHUHXQLTXHWRHDFKFRPSDQ\ZHVWXGLHG7KHUHLVQRVWULFW
GHILQLWLRQDERXWWKHVWUXFWXUHRISXOVHERDUGV7KHEDVHOLQHKRZHYHULVDODUJHZKLWHERDUGZLWKFHOOVZKHUH;D[LV
DQG<D[LVUHSUHVHQWGLIIHUHQWIXQFWLRQVGHSDUWPHQWVSURMHFWVSURGXFWVHWF7KHFRORURIWKHPDJQHWVUHVWLQJRQWKH
FHOOV VKRZV WKH VWDWXVRI WKH LQWHUVHFWLRQ WKDWFUHDWHV WKDWFHOO HJ VWDWXVRIDSURGXFW LQPDUNHWLQJGHSDUWPHQW
'HSHQGLQJRQWKHFRPSDQ\WKHUHDUHJHQHUDOO\WKUHHDQGVRPHWLPHVIRXUGLIIHUHQWFRORUVWRGLVSOD\WKHVWDWXV7KH
FRORU RI WKHPDJQHW UHIOHFWVZKDW NLQG RI GHYLDWLRQ WR FRQVLGHU0HDQLQJV RI WKH FRORUVPD\ DOVR YDU\ IRU HDFK
FRPSDQ\6RPHRIWKHFRORUVDQGWKHLUPHDQLQJVDUHDVIROORZV
x 5HG%LJGHYLDWLRQQHZGHYLDWLRQGHYLDWLRQZLWKRXWDVROXWLRQDWKDQG
x <HOORZ6PDOOGHYLDWLRQGHYLDWLRQZLWKDVROXWLRQDWKDQG
x *UHHQ1RGHYLDWLRQVROYHGGHYLDWLRQ
x :KLWH1RDFWLYLW\QRGHYLDWLRQ
7ZRWUHQGVFDQEHGLVFHUQHGWRGD\LQSURGXFWDQGSURGXFWLRQGHYHORSPHQWLQFUHDVHGYLUWXDOL]DWLRQDQGLQFUHDVHG
YLVXDOL]DWLRQ,QFUHDVHGYLUWXDOL]DWLRQFRPHVIURPSURGXFWOLIHF\FOHPDQDJHPHQWV\VWHPVHQJLQHHULQJDQGSURFHVV
PDQDJHPHQW,WHQVXUHVWKDWGHYHORSPHQWWHDPVVHHWKHODWHVWYHUVLRQVRIWKHLQIRUPDWLRQZKHQHYHUDQGZKHUHYHU
WKH\ZDQWXVLQJGLJLWDOWRROV,QFUHDVHGYLVXDOL]DWLRQFRPHVIURPWKHOHDQSDUDGLJPDQGKDVUHVXOWHGLQVLPSOHDQG
RIWHQSK\VLFDOWRROVDQGPHWKRGVVXFKDV30DQGWKHSXOVHERDUGV7KHLPSOHPHQWDWLRQRIHQKDQFHGYLVXDOL]DWLRQ
VKRZV WKDW YLVXDOPDQDJHPHQWZLWK VWDQGDUGZKLWHERDUGV H[KLELWV D VLPSOLFLW\ WKDW LV DSSUHFLDWHG E\ WKH XVHUV
)XUWKHUPRUHZKLWHERDUGVSURYLGHWKHKDSWLFIHHOLQJRIXVLQJUHDOREMHFWVDQGKDYHORZEDUULHUVWRHQWU\FRPSDULQJ
WKHGLJLWDOERDUGV:KHUHDVGLJLWDOERDUGVLHGLJLWDOERDUGVRIWZDUHUHTXLUHWLPHDQGPRQH\LQYHVWPHQWVLQWKH
IRUPRIGHYHORSLQJWKHPLQKRXVHRUEX\LQJWKHPIURPDWKLUGSDUW\DORQJZLWK79VRUSURMHFWRUVWRGLVSOD\WKHP
DQGHGXFDWLQJWKHHPSOR\HHVDERXWKRZWRXVHWKHP



)LJDSXOVHPHHWLQJESXOVHERDUG
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*OREDOL]DWLRQRIRUJDQL]DWLRQVOHDGVWRDNQRZOHGJHJDSEHWZHHQJHRJUDSKLFDOO\GLVWULEXWHGWHDPVZRUNLQJLQWKH
VDPH RUJDQL]DWLRQ 7KLV FUHDWHV WKH QHHG RI VXSSRUW IRU HIILFLHQW FRPPXQLFDWLRQ ,Q RUGHU WR DYRLG WKH WLPH
FRQVXPSWLRQDQGFXPEHUVRPHQDWXUHRILQIRUPDWLRQH[FKDQJHEHWZHHQGLVWULEXWHGWHDPVPHWKRGVDQGWRROVWRKHOS
DQGIDFLOLWDWHWKHFRPPXQLFDWLRQLVQHHGHG%DVHOLQHSXOVHPHWKRGRORJ\%30LVEDVHGRQZKLWHERDUGVKRZHYHU
WKHVH ERDUGV IDLO WR SURYLGH HIILFLHQW FRPPXQLFDWLRQ VXSSRUW EHWZHHQ GLVWULEXWHG WHDPV 7KLV LVVXH KDV VWURQJ
LPSOLFDWLRQVRQWKHXVHIXOQHVVRIWKH30IDLOLQJWRSURYLGHHIILFLHQWFRPPXQLFDWLRQPHDQVIDLOLQJWRIXOILOORQHRI
WKHPRVWLPSRUWDQWPDLQJRDOVV\QFKURQL]LQJWKHRUJDQL]DWLRQ
7KHUH DUH YHQGRUV WKDW DUH VSHFLDOL]HG RQ GHYHORSLQJ GLJLWDO YLVXDO PDQDJHPHQW WRROV 6LQFH WKHVH WRROV DUH
GHYHORSHGDVRQHVL]HILWVDOOFRPSDQLHVZKREX\WKHVHVRIWZDUHQHHGVWRDGMXVWWKHZD\WKH\ZRUNDFFRUGLQJWRWKH
SXUFKDVHGVRIWZDUH+RZHYHU LW VKRXOGEHRWKHUZD\DURXQG ,7V\VWHPVDUH MXVWHQDEOHUV WKH\DUH WKHRQHV WKDW
VKRXOGEHDGDSWHGWRWKHZD\WKDWWKHFRPSDQLHVZRUN(YHQLIFRPSDQLHVSXUFKDVHYHU\FXVWRPL]HGVRIWZDUHLW
ZLOOVWLOODIIHFWWKHZD\WKH\ZRUN7KHDIIHFWPD\FRPHDVDQLPSURYHPHQWKRZHYHUVWLOOLWZLOOPDNHWKHFRPSDQ\
ORVHWLPHZKLOHDGMXVWLQJWRWKHQHZUHDOLW\
7RVXPPDUL]HSXOVHERDUGVQHHG WREH LPSURYHG LQRUGHU WRSURYLGHHIILFLHQWFRPPXQLFDWLRQEHWZHHQGLVWDQW
RIILFHV ,QFUHDVHG YLUWXDOL]DWLRQ FDQ KHOS SXOVH ERDUGV WR EH LPSURYHG GLJLWDO SXOVH ERDUGV ZRXOG LQFUHDVH
FRPPXQLFDWLRQ HIILFLHQF\EHWZHHQ GLVWDQW RIILFHV+RZHYHU DGRSWLQJ ,7 WRROV LV SUREOHPDWLF IRU FRPSDQLHV DQG
XVHUVOLNHXVLQJZKLWHERDUGV7KLVFUHDWHVDGLOHPPDSXOVHERDUGVVKRXOGEHLPSURYHGLQRUGHUWRSURYLGHHIILFLHQW
FRPPXQLFDWLRQEXWDQ\NLQGRIFKDQJHRQWKHERDUGVZRXOGQHJDWLYHO\DIIHFWWKHFRPSDQLHV
7KLVUHVHDUFKSDSHULVDSDUWRID6ZHGLVKUHVHDUFKSURMHFWIRULPSURYLQJHIILFLHQF\RIWKH6ZHGLVKFRPSDQLHVLQ
WKH JOREDO DUHQD 7KH FDVH FRPSDQ\ IRU WKLV SDSHU LV D 6ZHGLVK SURGXFW GHYHORSPHQW FRPSDQ\ LQ WKH
WHOHFRPPXQLFDWLRQV LQGXVWU\ ,Q WKLV UHVHDUFKZH WULHG WRVROYH WKHGLOHPPDH[SODLQHG LQ WKHSUHYLRXVSDUDJUDSK
2XUJRDOZDVWRLPSURYHWKHFRPPXQLFDWLRQFDSDELOLWLHVRISK\VLFDOSXOVHERDUGVLHZKLWHERDUGVWRIDFLOLWDWHWKH
PDQDJHPHQWRIGLVWULEXWHGRIILFHVE\PDNLQJXVHRILQFUHDVHGYLUWXDOL]DWLRQZKLOHNHHSLQJWKHZKLWHERDUGVLQXVH
:H GHYHORSHG D PHWKRGRORJ\ ZKLFK ZH FDOOHG K\EULG SXOVH PHWKRGRORJ\ +30 EDVHG RQ WKH %30 DQG
K\SRWKHVL]HGWKDWLWVROYHVWKLVGLOHPPD:HGHYHORSHGDGHPRQVWUDWRUEDVHGRQWKHUHTXLUHPHQWVZHJDWKHUHGIURP
WKHFDVHFRPSDQ\LQRUGHUWRWHVWRXUK\SRWKHVLV7KHGHPRQVWUDWRULVDK\EULGWRROWKDWFRPELQHVWKHVWUHQJWKRI
ERWKSK\VLFDODQGGLJLWDOERDUGVXVLQJLPDJHUHFRJQLWLRQWHFKQRORJ\:HWHVWHGWKHGHPRQVWUDWRUDWWKHZRUNVKRSV
ZHKHOGDW WKHSUHPLVHVRI WKUHHGLIIHUHQW6ZHGLVKFRPSDQLHV WKDW DUHSDUWRI WKHPDLQ UHVHDUFKSURMHFW WKDWZDV
H[SODLQHG DERYH$ORQJVLGHZLWK WKH FDVH FRPSDQ\ RQH DXWRPRWLYH VDIHW\ V\VWHPVPDQXIDFWXUHU DQGRQH GHQWDO
LPSODQWVPDQXIDFWXUHU MRLQHG WKHZRUNVKRSV 7KH GHQWDO LPSODQWVPDQXIDFWXUHU KDG WKH H[SHULHQFH RI XVLQJ WKH
GLJLWDOERDUGVWKHUHIRUHSURYLGHGYDOXDEOHIHHGEDFN
7KH VWUXFWXUHRI WKLV UHVHDUFKSDSHU LV DV IROORZV7KH LQWURGXFWLRQ FKDSWHU FRQWLQXHVZLWK JLYLQJ LQIRUPDWLRQ
DERXW D VLPLODU DSSOLFDWLRQ$IWHU WKDW KRZ WKH UHVHDUFKZDV FDUULHGRXW LV H[SODLQHG LQ WKH VHFRQG FKDSWHU7KH
UHVHDUFKUHVXOWVDQGWKHDQDO\VLVUHJDUGLQJWKHPDUHSUHVHQWHGXQGHUWKHWKLUGFKDSWHU,QWKLVFKDSWHUZHSUHVHQWHG
WKH ZD\ WKH FRPSDQ\ XVHV 30 H[SODLQHG +30 E\ FRPSDULQJ LW ZLWK %30 PHQWLRQHG VKRUWO\ DERXW WKH
GHPRQVWUDWRUZHXVHGWRGHPRQVWUDWH+30DQGILQDOO\SUHVHQWHGWKHIHHGEDFNVRIWKHWKUHHFRPSDQLHVWKDWMRLQHG
WKHZRUNVKRSV ,Q WKH IRXUWK FKDSWHUZH GLVFXVVHG WKH YDOLGLW\ RI WKH UHVXOWV DQG HIIHFWV RI WKHPHWKRGRORJ\ RQ
VXVWDLQDELOLW\ 7KH SDSHU ILQLVKHV ZLWK WKH FRQFOXVLRQ FKDSWHU ZKHUH ZH VXPPDUL]HG WKH VWXG\ DQG VKRUWO\
PHQWLRQHGDERXWWKHIXWXUHZRUN
1.1. Similar applications – The lego calendar 
7KHOHJRFDOHQGDULVDWHDPFDOHQGDUFRQFHSWWKDWFRPSULVHVV\QFKURQL]HGSK\VLFDODQGGLJLWDOFDOHQGDUV,WZDV
GHYHORSHGE\9LWDPLQVGHVLJQLQWRLPSURYHWKHDELOLW\RIRUJDQL]LQJWKHWHDPV7KHSK\VLFDOFDOHQGDULQWKH
FRQFHSWLVDZDOOPRXQWHGFDOHQGDUPDGHRQO\E\OHJREULFNVDVJLYHQLQ)LJD(DFKURZUHSUHVHQWVDPRQWK
DQGHDFKFROXPQUHSUHVHQWVDGD\LQWKDWPRQWK,QVLGHWKHPRQWKURZVWHDPPHPEHUVKDYHWKHLURZQVPDOOHUURZV
WKDWVKRZWKHLUZRUNVFKHGXOHIRUWKDWPRQWK7KHVHVPDOOHUURZVDUHUHSUHVHQWHGE\DOHJRDYDWDULQWKHEHJLQQLQJ
RIHDFKURZLQWKHILUVWFROXPQ(DFKSURMHFWKDVLWVRZQFRORUDQGWKHOHJREULFNVWKDWKDYHWKHVHFRORUVUHSUHVHQWD
KDOIGD\VSHQWRQWKHVHSURMHFWV7KHOHJRFDOHQGDULQ)LJDVKRZVWKHZRUNVFKHGXOHRIVL[WHDPPHPEHUVIRU
WKHILUVWILIWHHQGD\VRIDPRQWK7KHGLJLWDOFDOHQGDULQWKHFRQFHSWLVD*RRJOH&DOHQGDU)LJEVKRZVWKHGLJLWDO
FRS\RIWKHSK\VLFDOFDOHQGDULQ)LJDLQZHHNYLHZEHWZHHQWKDQGWKGD\RIWKHPRQWK
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
)LJDSK\VLFDOOHJRFDOHQGDUILUVWGD\VRIWKHPRQWKEGLJLWDOFRS\RIWKHSK\VLFDOFDOHQGDUZHHNYLHZEHWZHHQWKDQGWK
7KH SK\VLFDO FDOHQGDU LV VLWXDWHG LQ DQ LPPHGLDWH SODFH ZKHUH WKH WHDPPHPEHUV ZRUN VR WKDW WKH\ FDQ GR
FKDQJHVRQLWGLUHFWO\DQGKDYHDORRNDWLWWRJHWDTXLFNRYHUYLHZRIWKHZRUNVFKHGXOH$IWHUWKH\PDNHDFKDQJH
RQLWWKH\WDNHDSKRWRRILWDQGHPDLOWKHSKRWRWRDVSHFLDODGGUHVVZKLFKWKHQXSGDWHVWKHGLJLWDOFDOHQGDU7KH
GLJLWDOFDOHQGDULVXVHGE\WKHWHDPPHPEHUVWKDWDUHRQEXVLQHVVWULSVZKHQWKH\QHHGWRFKHFNWKHZRUNVFKHGXOH
$V VKRZQ LQ )LJ  WKH V\VWHP GRHV RQO\ RQHZD\ LQIRUPDWLRQ WUDQVIRUPDWLRQ WKDW LV IURP SK\VLFDO WR GLJLWDO
FDOHQGDU7KLVPHDQVWKDWWKHV\VWHPFDQQRWXSGDWHWKHSK\VLFDOFDOHQGDUXVLQJWKHGLJLWDORQH7KHUHIRUHWKHWHDP
PHPEHUVWKDWDUHRQEXVLQHVVWULSVFDQQRWPDNHDQ\FKDQJHVRQWKHFDOHQGDUWKHPVHOYHVXQOHVVWKH\DVNKHOSIURP
VRPHRQHLQWKHPDLQRIILFHZKHUHWKHERDUGLVVLWXDWHG
7KHOHJRFDOHQGDUFRQFHSWZDVGHYHORSHGRQH\HDUDIWHUZHGHYHORSHG+30DQGWKHGHPRQVWUDWRUDORQJZLWKLW
7KHOHJRFDOHQGDUDQG+30DUHYHU\VLPLODUUHJDUGLQJWKHWRROVWKH\XVH7KHUHIRUHZLWKVPDOOFKDQJHVERWKFDQEH
XVHGLQVWHDGRIHDFKRWKHU)RULQVWDQFHWKHOHJRFDOHQGDUFDQEHXVHGDVDSXOVHERDUGDVIROORZV6PDOOURZVPD\
UHSUHVHQWWKHGHSDUWPHQWVDQGFROXPQVPD\UHSUHVHQWWKHSURGXFWVLQDFRPSDQ\&RQVLGHULQJWKHOHJRFDOHQGDULQ
)LJDDVDSXOVHERDUGLWZRXOGVKRZWKHGHYLDWLRQVDWVL[GHSDUWPHQWVRYHUILIWHHQSURGXFWVLQDFRPSDQ\7KH
FRORUHG OHJR EULFNV WKDW DUH VWD\LQJ DW WKH URZ DQG FROXPQ LQWHUVHFWLRQV UHSUHVHQW WKH GHYLDWLRQV LQ WKRVH
LQWHUVHFWLRQV7KHFRORUVRIWKHPLQGLFDWHWKHVHYHULW\RIWKHGHYLDWLRQV-XVWOLNHLQWKHOHJRFDOHQGDUFRQFHSWRQH
FDQWDNHDSKRWRRIWKHERDUGDQGHPDLOLWWRWKHDGGUHVVWKDWZRXOGGRWKHLPDJHUHFRJQLWLRQDQGXSGDWHWKHGLJLWDO
YHUVLRQFRQVHTXHQWO\7KHRQO\QHFHVVDU\FKDQJHIRUWKLVVWHSLVWRFKDQJHWKHFDOHQGDUWHPSODWHZLWKDSXOVHERDUG
WHPSODWH/LNHZLVHZLWK WKH VPDOOFKDQJHVZHGHVFULEHGDERYH WKHGHPRQVWUDWRUZHGHYHORSHGIRU+30FDQEH
XVHGLQVWHDGRIWKHOHJRFDOHQGDU
0HWKRGRORJ\
:H FDUULHG RXW WKLV UHVHDUFK LQ WKH IROORZLQJ WKUHH VWHSV UHVSHFWLYHO\ GHVFULELQJ WKH SUREOHP SUHVFULELQJ D
VROXWLRQ IRU WKH SUREOHP DQG WHVWLQJ WKH SUHVFULSWLRQ 7KH ILUVW VWHS LV D TXDOLWDWLYH VWXG\ DQG LW LQFOXGHV
XQGHUVWDQGLQJKRZWKHFDVHFRPSDQ\ZRUNVWRGD\ZLWK30DQGJDWKHULQJWKHUHTXLUHPHQWVIRUWKHQHZV\VWHPLH
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WRROV DQGSURFHVVHV$V0D[ZHOO VXJJHVWVZHXVHG WULDQJXODWLRQ IRUJDWKHULQJGDWD LQ WKH ILUVW VWHS LQRUGHU WR
LQFUHDVHWKHYDOLGLW\7ULDQJXODWLRQUHTXLUHVFROOHFWLQJGDWDIURPDYDULHW\RIVRXUFHVE\XVLQJGLIIHUHQWPHWKRGV
,QRUGHUWRSURYLGHYDULHW\LQWKHZD\RIJDWKHULQJGDWDZHXVHGLQWHUYLHZVDQGREVHUYDWLRQVLQWKHFDVHFRPSDQ\
:HSURYLGHGYDULHW\LQWKHVRXUFHVRIGDWDE\LQWHUYLHZLQJHPSOR\HHVZLWKGLIIHUHQWUROHVLQWKHFRPSDQ\
7KHVHFRQGVWHSRIWKHUHVHDUFKLQFOXGHVFRQFHSWGHYHORSPHQWDQGSURWRW\SLQJDGHPRQVWUDWRU$IWHUJDWKHULQJ
WKHUHTXLUHPHQWVDWWKHILUVWVWHSZHVWDUWHGWKHVHFRQGVWHSZLWKWKHFRQFHSWGHYHORSPHQWZKHUHZHFRPHXSZLWK
GLIIHUHQWFRQFHSWV7KHFRQFHSWVZHUHQHZPHWKRGRORJLHVDORQJZLWKWKHLURZQWRROVDQGSURFHVVHV:HFKRVHWKH
EHVWRQHDFFRUGLQJ WKH IROORZLQJFULWHULDHDVHRIGHYHORSLQJDGHPRQVWUDWRU WRSUHVHQWDQG WHVW WKHPHWKRGRORJ\
DQGHDVHRIFUHDWLQJWKHVLPXODWHGWHVWHQYLURQPHQWDWWKHFRPSDQLHVWRWHVWWKHPHWKRGRORJ\$IWHUGHFLGLQJRQWKH
PHWKRGRORJ\ZHFRQWLQXHGWKHUHVHDUFKZLWKSURWRW\SLQJWKHGHPRQVWUDWRU'XULQJWKHSURWRW\SLQJVWDJHZHXVHG
H[WUHPH SURJUDPPLQJZKLFK LV DQ DJLOH VRIWZDUH GHYHORSPHQWPHWKRGRORJ\ WR GHOLYHU WKH VRIWZDUHZLWK D ORZ
GHIHFWUDWH:HZRUNHGZLWKRQHZHHN LWHUDWLRQV(DFKLWHUDWLRQFRQVLVWVRI WKHIROORZLQJVWHSVGHFLGLQJRQ WKH
IHDWXUHVWRLPSOHPHQWLPSOHPHQWLQJWKHGHFLGHGIHDWXUHVDQGWHVWLQJWKHLPSOHPHQWHGIHDWXUHV:HFRQWLQXHGWKLV
ZD\RIZRUNLQJXQWLOWKHGHPRQVWUDWRUFDPHWRDOHYHORIPDWXULW\WKDWLWLVSRVVLEOHWRXVHLWWRSUHVHQWDQGWHVWWKH
PHWKRGRORJ\DWWKHZRUNVKRSV
:HFRQFOXGHGWKHUHVHDUFKE\WHVWLQJWKHPHWKRGRORJ\LQWKHFRPSDQLHV7KLVVWHSLQFOXGHVZRUNVKRSVZHKHOG
LQ WKH FRPSDQLHV'XULQJ WKHVHZRUNVKRSVZH SUHVHQWHG WKHPHWKRGRORJ\XVLQJ WKH GHPRQVWUDWRU LQ D VLPXODWHG
JOREDO SXOVHPHHWLQJ VHWWLQJ$IWHUPDNLQJ WKH DWWHQGHHV VHH WKH V\VWHP LQ XVH DQGJHW KDQGVRQ H[SHULHQFHZH
JDWKHUHGWKHLUIHHGEDFNV
5HVHDUFKUHVXOWVDQGDQDO\VLV
,QWKLVFKDSWHUZHZLOOSUHVHQWWKHUHVXOWVDQGDQDO\VLVRIWKHLQWHUYLHZREVHUYDWLRQVDQGZRUNVKRSVZHGLGDW
WKHFRPSDQLHVWKDWMRLQHGWKLVUHVHDUFK
3.1. Pulse methodology in the case company 
7KHFDVHFRPSDQ\LVD6ZHGLVKWHOHFRPPXQLFDWLRQFRPSDQ\ZKLFKKDVDURXQGHPSOR\HHVZRUOGZLGH7KH
6ZHGLVKRIILFHEHLQJWKHKHDGTXDUWHUVWKH\KDYHRIILFHVLQ(XURSHDQG8QLWHG6WDWHV7KH\XVH30DWWKHKLJKHVW
PDQDJHPHQWOHYHORIWKHFRPSDQ\WRPDQDJHWKHGHYLDWLRQVLQWKHLUSURGXFWV7KHSXOVHVWUXFWXUHRIWKHFRPSDQ\LV
DVIROORZV7KHFRPSDQ\LVKDYLQJSXOVHPHHWLQJVRQFHDZHHNRQ0RQGD\VR¶FORFN&(7&HQWUDO(XURSHDQ
7LPH7KHUHDVRQRIKDYLQJWKHPHHWLQJVDW&(7LVFRQVLGHULQJWKHORFDOWLPHGLIIHUHQFHWRPDNHWKHRIILFHV
LQ8QLWHG6WDWHVEHDEOHWRMRLQWKHPHHWLQJVZLWKWKH(XURSHDQRIILFHV7KHPHHWLQJVODVWEHWZHHQILIWHHQWRWKLUW\
PLQXWHV 7KH KHDGTXDUWHUV KRVW WKH SXOVH PHHWLQJV 7KH UHJXODU DWWHQGHHV RI WKH SXOVH PHHWLQJV DUH SURGXFW
PDQDJHUVGHSDUWPHQWPDQDJHUVDQGDPHHWLQJFRRUGLQDWRU7KHDWWHQGHHVDWWKHKHDGTXDUWHUVJDWKHUDWWKHPHHWLQJ
URRP7KHUHPRWHRIILFHVXVHYLGHRFRQIHUHQFHWRFRQQHFW WR WKHKHDGTXDUWHUVPHHWLQJURRPZKHUHDOVRWKHSXOVH
ERDUGRIWKHFRPSDQ\LVVLWXDWHG'XULQJWKHPHHWLQJVWKHGLVWDQWRIILFHVVHHWKHSXOVHERDUGWKURXJKWKHZHEFDP
PRXQWHGRQWKHFHLOLQJRIWKHPHHWLQJURRP
6KRUWO\EHIRUH WKHPHHWLQJVDOO WKHDWWHQGHHV LQDOO WKUHHRIILFHVJDWKHUDW WKHLU UHVSHFWLYHPHHWLQJURRPV7KH
PHHWLQJVVWDUWE\WKHPHHWLQJFRRUGLQDWRUDWWKHKHDGTXDUWHUVVWDUWLQJWRVKDUHWKHOLYHYLGHRVWUHDPZLWKWKHUHPRWH
RIILFHV 7KH FRPSDQ\ SXOVH ERDUG IRUPV WKH DJHQGD RI WKHPHHWLQJ LW VKRZV WKH RUGHU RI WKH VSHDNHUV 3URMHFW
PDQDJHUVVKDUHWKHVWDWXVRIWKHLUSURGXFWVDQGXSGDWHWKHSXOVHERDUGDFFRUGLQJO\LQWXUQDFFRUGLQJWRWKHSODFHRI
WKHLUQDPHVRQWKHSXOVHERDUGWKHRQHDWWKHWRSEHLQJWKHILUVWDQGWKHRQHDWWKHERWWRPEHLQJWKHODVWVSHDNHU
$IWHUSURGXFWPDQDJHUVVKDUHWKHVWDWXVRIHDFKSURGXFWWKH\DVNWKHGHSDUWPHQWPDQDJHUVLIWKHUHDUHDQ\IXUWKHU
GHYLDWLRQV WKDW WKH\KDYH UHJDUGLQJ WKDWSURGXFW/LNHZLVH WKHGHSDUWPHQWPDQDJHUVDQVZHU WKLVTXHVWLRQ LQ WXUQ
DFFRUGLQJWRWKHSODFHRIWKHLUQDPHVRQWKHERDUGWKHRQHDWWKHOHIWPRVWEHLQJWKHILUVWDQGWKHRQHDWWKHULJKWPRVW
EHLQJWKHODVW3URGXFWPDQDJHUVXSGDWHWKHERDUGDFFRUGLQJO\LIWKHGHSDUWPHQWPDQDJHUVKDYHIXUWKHUGHYLDWLRQV
3URGXFWPDQDJHUVVLWWLQJLQWKHKHDGTXDUWHUVSHUIRUPWKHVHXSGDWHVWKHPVHOYHV+RZHYHUZKHQWKHWXUQFRPHVWR
WKHRWKHUSURGXFWPDQDJHUVWKDWUHVLGHLQWKHUHPRWHRIILFHVWKHPHHWLQJFRRUGLQDWRULQWKHKHDGTXDUWHUVSHUIRUPV
WKHXSGDWHVIRUWKHP7KHPHHWLQJHQGVDIWHUDOOWKHSURGXFWPDQDJHUVDQGWKHGHSDUWPHQWPDQDJHUVVKDUHWKHVWDWXV
RI WKHLU SURGXFWV DQG GHSDUWPHQWV UHVSHFWLYHO\ $IWHU WKH PHHWLQJ ILQLVKHV WKH PHHWLQJ FRRUGLQDWRU DW WKH
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KHDGTXDUWHUVWDNHVDSKRWRRIWKHSXOVHERDUGDQGVKDUHVLWZLWKWKHRWKHURIILFHVVRWKDWWKH\FDQVHHWKHODVWVWDWHRI
WKHERDUGXQWLOWKHQH[WPHHWLQJ
)LJEVKRZVDPRFNXSERDUGZHPDGHIURPWKHRULJLQDOSXOVHERDUGRIWKHFDVHFRPSDQ\7KHVWUXFWXUHRI
WKHERDUGLVDVIROORZV7KHERDUGLVFRPSULVHGRIWZRSDUWV,QWKHILUVWSDUWZKLFKLVIURPWKHOHIWHGJHRIWKHERDUG
WLOOWKHHQGRIWKHFRORUPDJQHWVWKHVWDWXVHVRIWKHGHYLDWLRQVDUHGLVSOD\HG,QWKHVHFRQGSDUWZKLFKLVIURPWKH
HQGRIWKHFRORUPDJQHWVWLOOWKHULJKWHGJHRIWKHERDUGGHVFULSWLRQVRIWKHGHYLDWLRQVDUHGLVSOD\HG,QWKHILUVWSDUW
;D[LVUHSUHVHQWVWKHSURGXFWVDORQJZLWKWKHUHVSRQVLEOHSURGXFWPDQDJHUVDQG<D[LVUHSUHVHQWVWKHGHSDUWPHQWV
&RORUVRIWKHPDJQHWVRQHDFKFHOOVKRZWKHVWDWXVRIWKHLQWHUVHFWLRQWKDWFUHDWHVWKDWFHOOHJVWDWXVRISURGXFW
DWWKHVXSSO\GHSDUWPHQW7KH\XVHWKUHHFRORUVLQWKHLUSXOVHVWUXFWXUH7KHPHDQLQJVRIWKHFRORUVDUHDVIROORZV
x 5HG%LJGHYLDWLRQ
x <HOORZ6PDOOGHYLDWLRQ
x *UHHQ6ROYHGGHYLDWLRQ
7KH VHFRQG SDUW FRQVLVWV RI WKUHH VPDOOHU SDUWV IURP OHIW WR ULJKW VKRUW GHVFULSWLRQV RI WKH GHYLDWLRQV GDWH
LQIRUPDWLRQVKRZLQJZKHQWKHGHYLDWLRQVZHUHLGHQWLILHGDQGZKHQWKHVWDWXVRIWKHGHYLDWLRQVZLOOEHXSGDWHGQH[W
WLPHDQGWKHDWWDFKHGGHWDLOHGUHSRUWVDERXWWKHGHYLDWLRQV
3.2. Hybrid pulse methodology 
7KH%30XVHVSK\VLFDOSXOVHERDUGV7KH\DUHHDV\WRXVHEXWQRWHIILFLHQWZKHQLWFRPHVWRJOREDOPHHWLQJV
7KHUHIRUHFRPSDQLHVVHHNWKHUHPHG\DWXVLQJGLJLWDOSXOVHERDUGVZKLFKKDYHEURDGFRPPXQLFDWLRQSRVVLELOLWLHV
WKDQNV WR WKH ,7 EDFNERQH+RZHYHU WKH\ KDYH KLJK EDUULHUVWRHQWU\ FRPSDULQJ WKH SK\VLFDO SXOVH ERDUGV:H
GHYHORSHGWKH+30LQRUGHUWRPDNHXVHRIWKHJRRGWUDLWVRISK\VLFDODQGGLJLWDOSXOVHERDUGV7DEOHFRPSDUHV
WKHWUDLWVRISK\VLFDODQGGLJLWDOERDUGVDORQJZLWKWKHK\EULGV\VWHPWKDWZHGHYHORSHGLQGHWDLO$VVHHQWKHK\EULG
V\VWHPFRPELQHV WKHEHQHILWVDQGHOLPLQDWHV WKHGUDZEDFNVRIHDFKERDUG LW FRPELQHV WKH VLPSOLFLW\RISK\VLFDO
ERDUGVZLWKWKHFRPPXQLFDWLRQDQGGDWDVWRUDJHFDSDELOLWLHVRIGLJLWDOERDUGV
7DEOH3K\VLFDOERDUGVYVGLJLWDOERDUGVYVK\EULGV\VWHP
3K\VLFDOERDUGV 'LJLWDOERDUGV
7KHGLVSOD\ZKLWHERDUGLVFKHDS 7KHGLVSOD\HJ79LVH[SHQVLYH
'DWDRQWKHERDUGLVWHPSRUDU\
%DFNWUDFNLQJGHYLDWLRQKLVWRU\LVQRWSRVVLEOH
+DUGWRVDYHFRS\DQGVKDUHWKHGDWD
2QO\DFFHVVLEOHZLWKLQORFDOSUHPLVHV
+DSWLFIHHOLQJRIXVLQJUHDOREMHFWV
'DWDRQWKHERDUGLVHYHUODVWLQJRQWKHVHUYHUV
%DFNWUDFNLQJGHYLDWLRQKLVWRU\LVSRVVLEOH
(DV\WRVDYHFRS\DQGVKDUHWKHGDWD
$FFHVVLEOHIURPDQ\ZKHUHDQ\WLPH
1RRUVLPXODWHGKDSWLFIHHOLQJ
'RHVQRWSURYLGHVXSSRUWIRUJOREDOPHHWLQJV 3URYLGHVVXSSRUWIRUJOREDOPHHWLQJV

+30 LV DQ H[SDQVLRQ RI %30 -XVW OLNH %30+30 LV DOVR EDVHG RQ SXOVHPHHWLQJV DQG SXOVH ERDUGV 7KH
GLIIHUHQFHVEHWZHHQWKHWZRDUHWKHW\SHRISXOVHERDUGVWKH\XVHDQGKRZWKH\XVHWKHP%30XVHVRQO\SK\VLFDO
SXOVHERDUGVZKHUHDV+30XVHVERWKSK\VLFDODQGGLJLWDORQHV7KHGLJLWDOERDUGVLQ+30DUHH[DFWFRSLHVRIWKH
SK\VLFDOERDUGVDQGWKHGHPRQVWUDWRUZHGHYHORSHGIRU+30NHHSVWKHPXSWRGDWH7KHZD\VWKHPHWKRGRORJLHV
XVH WKHERDUGVFDQEHFRPSDUHGE\ ORRNLQJDWKRZ WKH\XVH WKHPGXULQJ WKHPHHWLQJVDQGRXWVLGH WKHPHHWLQJV
'XULQJ WKH SXOVH PHHWLQJV %30 XVHV WKH SK\VLFDO ERDUGV WR YLVXDOL]H WKH VWDWXV RI WKH FRPSDQ\ IRU WKH ORFDO
DWWHQGHHV,IWKHUHDUHGLVWDQWRIILFHVMRLQLQJWKHPHHWLQJVWKHPDLQRIILFHFDQVKDUHDOLYHYLGHRVWUHDPZLWKWKHP
MXVWOLNHWKHFDVHFRPSDQ\GRHV+RZHYHUZHIRXQGRXWWKDWWKHGLVWDQWDWWHQGHHVDUHQRWVDWLVILHGE\WKLVVROXWLRQ
EHFDXVH WKH\FDQQRW FOHDUO\ VHH WKHGHWDLOVRQ WKHERDUG IURP WKHYLGHR IHHG ,QFRPSDULVRQ+30XVHVSK\VLFDO
ERDUGVWRYLVXDOL]HWKHGHYLDWLRQVIRUWKHORFDODWWHQGHHVDQGXVHVGLJLWDOERDUGVWRGRWKHVDPHMREIRUWKHUHPRWH
DWWHQGHHV7KHGHPRQVWUDWRUSURMHFWVHYHU\FKDQJHRQWKHSK\VLFDOERDUGWRWKHGLJLWDOERDUGULJKWDZD\VRWKDWWKH
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UHPRWHDWWHQGHHVFDQVHHWKHXSWRGDWHLQIRUPDWLRQ8QOLNHWKHVLWXDWLRQLQWKH%30LQ+30WKHGLVWDQWDWWHQGHHV
FDQVHHDOOWKHLQIRUPDWLRQRQWKHERDUGVFOHDUO\WKDQNVWRWKHGLJLWDOERDUGV7KLVHOLPLQDWHVWKHLQWHUUXSWLRQVOLNH
WKHUHPRWHDWWHQGHHVDVNLQJIRUWKHFODULILFDWLRQDERXWLQIRUPDWLRQRQWKHERDUGWKDWWKH\FDQQRWVHHFOHDUO\IURPWKH
YLGHR IHHG 2XWVLGH WKH SXOVH PHHWLQJV %30 XVHV SK\VLFDO ERDUGV DV LQIRUPDWLRQ ERDUGV DND LQIRUPDWLRQ
UDGLDWRUV&RPSDQLHVSXWWKHERDUGVLQWKHFRPSDQ\FRUULGRUVVRWKDWHPSOR\HHVFDQVHHWKHVWDWXVRIWKHFRPSDQ\
DWUDQGRPRFFDVLRQVZKLOHWKH\DUHMXVWSDVVLQJE\5HPRWHRIILFHVRIWKHFRPSDQLHVWKDWXVH%30FDQQRWEHQHILW
IURP WKH SXOVH ERDUGVRXWVLGH WKH SXOVHPHHWLQJV2QH VROXWLRQ LV WR VKDUH DSKRWRRI WKH ERDUGZLWK WKH UHPRWH
RIILFHVDVWKHFDVHFRPSDQ\GRHV+RZHYHUWKLVLVQRWDUHPHG\IRUDOOFRPSDQLHV6RPHRIWKHFRPSDQLHVWKDWZH
KHOGZRUNVKRSVXSGDWHWKHLUSXOVHERDUGVRQO\GXULQJWKHSXOVHPHHWLQJVVRPHRWKHUVXSGDWHWKHPDOVRRXWVLGHWKH
PHHWLQJVWRHOLPLQDWHWKHWLPHVSHQWXSGDWLQJWKHERDUGVGXULQJWKHPHHWLQJVWRKDYHPRUHWLPHIRUGLVFXVVLRQ)RU
WKHODWWHURQHVVKDULQJWKHSKRWRGRHVQRWFRQVWLWXWHDVROXWLRQVLQFHWKHSKRWRZLOOEHRXWGDWHGGXULQJWKHZHHN,Q
FRPSDULVRQ RXWVLGH WKH SXOVHPHHWLQJV+30 XVHV WKH SK\VLFDO ERDUGV H[DFWO\ DV %30 DV H[SODLQHG DERYH ,Q
DGGLWLRQLWPDNHVXVHRIWKHGLJLWDOERDUGVWRSURYLGHXSWRGDWHLQIRUPDWLRQWRWKHUHPRWHRIILFHV7KHGHPRQVWUDWRU
QRWLFHV DQ\ FKDQJH RQ WKH SK\VLFDO ERDUG DQG XSGDWHV WKH GLJLWDO ERDUG DFFRUGLQJO\ 7KLV ILWV WKH QHHG RI WKH
FRPSDQLHVWKDWXSGDWHVWKHERDUGHYHQRXWVLGHWKHSXOVHPHHWLQJV
3.3. The demonstrator 
7KH GHPRQVWUDWRU )LJ  LV D WRRO ZH GHYHORSHG VSHFLILFDOO\ IRU +30 WR EH DEOH WR GHPRQVWUDWH WKH
PHWKRGRORJ\LQWKHZRUNVKRSV,Q+30SK\VLFDOERDUGVDUHWKHPDVWHUERDUGVZKHUHDVGLJLWDOERDUGVDUHXVHGRQO\
WRSXEOLVKWKHLQIRUPDWLRQRQWKHPDVWHUERDUGZLWKWKHGLVWDQWRIILFHV7KLVPHDQVWKDWLQ+30SK\VLFDOERDUGVDUH
XVHG IRU ERWK UHDGLQJ DQGZULWLQJZKHUHDV GLJLWDO ERDUGV DUH XVHG RQO\ IRU UHDGLQJ7KHUHIRUH WKH GHPRQVWUDWRU
SURYLGHVRQO\RQHZD\LQIRUPDWLRQWUDQVIRUPDWLRQIURPSK\VLFDOWRGLJLWDO,WHQVXUHVWKDWWKHGLJLWDOSXOVHERDUGV
DUHDOZD\VXSWRGDWHZLWKWKHPDVWHUSK\VLFDOERDUG,WFRPSULVHVKDUGZDUHDQGVRIWZDUHPRGXOHV7KHKDUGZDUH
PRGXOHFRPSULVHVDZHEFDPWKDWWDNHVSLFWXUHVRIWKHSK\VLFDOSXOVHERDUGDQGDFRPSXWHUWKDWUXQVWKHVRIWZDUH
PRGXOH 7KH VRIWZDUH PRGXOH FRQVLVWV RI WZR DSSOLFDWLRQV DQ LPDJH UHFRJQLWLRQ DSSOLFDWLRQ WKDW FRQWUROV WKH
ZHEFDPDQG WUDQVIRUPV WKH LQIRUPDWLRQRQ WKHSK\VLFDO ERDUG WR DGLJLWDO RQH DQG DZHEEDVHG DSSOLFDWLRQ WKDW
IRUPVWKHWHPSODWHIRUWKHGLJLWDOUHSUHVHQWDWLRQRIWKHSK\VLFDOERDUG



)LJWKHGHPRQVWUDWRU
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
)LJDLPDJHUHFRJQLWLRQDSSOLFDWLRQDQDO\]LQJWKHLPDJHEGLJLWDOFRS\RIWKHSXOVHERDUG
7KH WUDQVIRUPDWLRQ IURP SK\VLFDO WR GLJLWDO ERDUG LV JLYHQ DW )LJ  7KH VWHSV RI WKLV WUDQVIRUPDWLRQ FDQ EH
VKRUWO\ GHVFULEHG DV IROORZV$V VHHQ LQ )LJ E WKH ERDUG KDV D GLIIHUHQW OLQH VWUXFWXUH DW WKH UHSRUWV VHFWLRQ
FRPSDULQJWKHUHVWRIWKHERDUG7KHUHIRUHWKHLPDJHUHFRJQLWLRQDSSOLFDWLRQILUVWGLYLGHVWKHLPDJHLQWRWZRVPDOO
LPDJHVDQGWKHQGHWHFWVWKHOLQHVIRUERWKLPDJHVJLYHQDVLQ)LJD8VLQJWKLVLQIRUPDWLRQFHOOFRRUGLQDWHVDQG
WKHSODFHVRIWKHFHOOVDUHLGHQWLILHG&HOOFRRUGLQDWHVJLYHLQIRUPDWLRQDERXWWKHORFDWLRQRIWKHFHOOHJ[ \ 
&HOOSODFHUHIHUVWRWKHSL[HOZLVHSODFHRIWKHFHOORQWKHLPDJH6LQFHWKHVWUXFWXUHRIWKHERDUGLVIL[HGWKHFHOO
FRRUGLQDWHV RI GHYLDWLRQ GHVFULSWLRQV DQG UHSRUWV DUH KDUGFRGHG LQWR WKH SURJUDP 8VLQJ ERWK WKLV KDUGFRGHG
LQIRUPDWLRQDQGWKHRULJLQDOFHOOFRRUGLQDWHV WKHLQIRUPDWLRQFHOOVQDPHO\WKHGHYLDWLRQGHVFULSWLRQVDQGUHSRUWV
DUH FXWGRZQ7KRVHFXW FHOOV DUH WKHQXVHGGLUHFWO\ LQ WKHGLJLWDOERDUG VKRZQDV LQ)LJE DV VPDOO LPDJHV
)LQDOO\PDJQHWV¶SODFHVDQGFRORUVDUHGHWHFWHG&RPSDULQJWKHPDJQHWDQGWKHFHOOSODFHVWKHSURJUDP)LJXUHVRXW
ZKLFKFHOOWKHPDJQHWEHORQJVWR
3.4. Results from the workshops 
7KHFRPSDQLHVWKDWDWWHQGHGWRWKHZRUNVKRSVDJUHHGRQWKDW+30FRPELQHVWKHVLPSOLFLW\RISXOVHERDUGVZLWK
WKHFRPPXQLFDWLRQDQGGDWD VWRUDJHFDSDELOLWLHVRIGLJLWDOERDUGV)XUWKHUPRUH WKHFRPSDQ\ WKDWKDGEHHQXVLQJ
GLJLWDOERDUGVPHQWLRQHGWKHIROORZLQJDGYDQWDJHRI+307KHFRPSDQ\KDVEHHQXVLQJWKHGLJLWDOSXOVHERDUGVIRU
 \HDU IRU WKHLU ORFDO SURMHFWV 7KH GLJLWDO ERDUGV UXQ RQ FRPSXWHUVZKLFKPHDQV WKDW LQ RUGHU WR XVH WKHP RQH
VKRXOGVWDUWWKHFRPSXWHUORJLQWRWKHRSHUDWLQJV\VWHPDQGWKHQORJLQWRWKHGLJLWDOERDUG7KLVWDNHVDURXQGWKUHH
PLQXWHVXVLQJWKHWKUHH\HDUVROGFRPSDQ\FRPSXWHUV&RQVLGHULQJWKDWWKHSXOVHPHHWLQJVODVWDURXQGPLQXWHV
VWDUWLQJWKHGLJLWDOERDUGHDWVXSDURXQGRIWKHPHHWLQJWLPH8VLQJSK\VLFDOERDUGVZRXOGHOLPLQDWHWKLVORVVRI
WLPH7KLVPHDQVWKDWXVLQJ+30ZKLFKXVHVSK\VLFDOERDUGVDVWKHPDVWHUERDUGZRXOGDFKLHYHWLPHVDYLQJ
DWWKDWFRPSDQ\'XULQJWKHZRUNVKRSVZHKDGEUDLQVWRUPLQJVHVVLRQVZLWKWKHFRPSDQLHVZKHUHZHHODERUDWHGRQ
DXVHFDVHWKDWVKRZVDQRWKHUDGYDQWDJHRIWKHPHWKRGRORJ\7KHFRPSDQ\WKDWKDVEHHQXVLQJGLJLWDOSXOVHERDUGV
PHQWLRQHG WKDW WKH\ IDFHGZLWK VRPH SUREOHPVZKHQ WKH\ VWDUWHGXVLQJ WKH GLJLWDO ERDUGV 7KH\ KDG EHHQ XVLQJ
SK\VLFDOERDUGVDQGDIWHUWKDWWKH\PDGHDFOHDUFXWDQGGLUHFWO\VWDUWHGXVLQJWKHGLJLWDOERDUGV,QVRPHRFFDVLRQV
WKH\FRXOGQRWPDNHWKHGLJLWDOERDUGVUXQGXHWRVRPHEXJVLQWKHV\VWHP'XULQJWKRVHRFFDVLRQVWKH\KDGWRKDYH
SXOVHPHHWLQJVZLWKRXW D SXOVH ERDUG XQWLO D WHFKQLFLDQ FRPHV DQG IL[HV WKH SUREOHP7KH\ VWDWHG WKDW WKHPRVW
LPSRUWDQWWKLQJLQ30LVFRPLQJWRJHWKHUDWWKHSXOVHPHHWLQJVKRZHYHUZLWKRXWDSXOVHERDUGWKHPHHWLQJVDUHQRW
DVHIILFLHQW)XUWKHUPRUHLIFRPSDQLHVKDYHPDQ\LPSRUWDQWGDWDRQWKHERDUGVWKHSRVVLEOHIDLOXUHVLQWKHV\VWHP
XQWLO LW EHFRPHV VWDEOH PD\ OHDG WR ORVLQJ WKH LPSRUWDQW GDWD :H ILJXUHG RXW WKH IROORZLQJ VROXWLRQ IRU WKH
FRPSDQLHVWKDWDUHXVLQJSK\VLFDOERDUGVDQGZDQWWRVWDUWXVLQJRQO\GLJLWDOERDUGV,QVWHDGRIPDNLQJDFOHDUFXW
KDYLQJ D WUDQVLWLRQ SHULRG ZKHUH FRPSDQLHV XVH WKH GLJLWDO ERDUGV DQG NHHS DQG XSGDWH WKH SK\VLFDO ERDUGV
DORQJVLGHDVEDFNXSVFDQDYRLGWKLVNLQGRILQFRQYHQLHQFHV,QFDVHRIDIDLOXUHLQWKHGLJLWDOERDUGVWKHFRPSDQ\
FDQ FRQWLQXH KDYLQJ WKHLU SXOVH PHHWLQJV XVLQJ WKH SK\VLFDO ERDUGV 7KH FRPSDQLHV DJUHHG RQ WKDW LI D IXWXUH
GHPRQVWUDWRUPDQDJHVWZRZD\LQIRUPDWLRQWUDQVIRUPDWLRQWKHQ+30ZRXOGDOVREHXVHIXOIRUWKHFRPSDQLHVWKDW
DUHLQWKHWUDQVLWLRQSHULRG
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'XULQJ WKH ZRUNVKRSV ZH JRW WKUHH QHJDWLYH FRPPHQWV UHJDUGLQJ WKH GHPRQVWUDWRU ZH GHYHORSHG 7KH ILUVW
QHJDWLYH FRPPHQWZDV DERXW WKH IDFW WKDW WKH GHPRQVWUDWRUZRUNV RQO\ IRU RQHZD\ LQIRUPDWLRQ WUDQVIRUPDWLRQ
SK\VLFDO WR GLJLWDO 7KH\ VWDWHG WKDW WKH GLJLWDO FRS\ RI WKH ERDUG ZLOO EH XSGDWHG DXWRPDWLFDOO\ KRZHYHU WKH
LQWHUFRQQHFWHGERDUGVVWLOOVKRXOGEHXSGDWHGPDQXDOO\ ,I WKHGHPRQVWUDWRUFDQPDQDJH WKH WZRZD\LQIRUPDWLRQ
WUDQVIRUPDWLRQ OLNH WKH GLJLWDO SXOVH V\VWHPV WKHQ +30 FDQ DOVR DFKLHYH VLJQLILFDQW WLPHVDYLQJ FRPSDULQJ E\
XSGDWLQJ WKH LQWHUFRQQHFWHG ERDUGV DXWRPDWLFDOO\ 7KH VHFRQG QHJDWLYH FRPPHQWZDV DERXW VDYLQJ WKH GHYLDWLRQ
GHVFULSWLRQVDVLPDJHVUDWKHUWKDQWH[WV7KHFRPSDQLHVVWDWHGWKDWVDYLQJWKHGHYLDWLRQGHVFULSWLRQVLQWH[WIRUPDW
ZRXOGJLYHWKHPWKHSRVVLELOLW\WRVHDUFKSDUWLFXODUGHYLDWLRQVLQVLGHWKHGDWDEDVH7KHODVWFRPPHQWZDVDERXWWKH
WHFKQRORJ\XVHGLQWKHV\VWHP7KH\PHQWLRQHGWKDWWKH\DUHVNHSWLFDODERXWWKHUREXVWQHVVRIWKHLPDJHUHFRJQLWLRQ
WHFKQRORJ\7KH\VWDWHGWKDWHYHQWKRXJKWKLVLVQRWDVDIHW\FULWLFDOV\VWHPVWLOOWKHXVHUVKDYHWRWUXVWWKHV\VWHPWR
XVHLW2WKHUZLVHWKLVZRXOGEHMXVWDQRWKHUV\VWHPWKDWWKHFRPSDQ\SXUFKDVHGEXWQRRQHXVHV
'LVFXVVLRQ
,QWKLVSDSHUZHSUHVHQWHGDVHPL,7EDVHGLHK\EULGPHWKRGRORJ\DQGVWUHVVHGRQWKHWHFKQLFDOGHWDLOV7KH
UHVHDUFK UHVXOWV RI .RQLJ HW DO 0F*DXJKH\	5RDFK 6WHLQKLOSHU HW DO DQG :DWHUVRQ HW DO FDQ EH
PLVLQWHUSUHWHGDVWHFKQLFDOLVVXHVDUHQRWLPSRUWDQWFRPSDULQJWRPHWKRGRORJ\UHODWHGLVVXHV+RZHYHUWKHUHDOLW\
LV WKDW WKH\ PHDQW LQGHHG WKH\ ERWK DUH HTXDOO\ LPSRUWDQW 7KLV YDOLGDWHV RXU ILQGLQJV WKDW LV WKH IHHGEDFNV
UHJDUGLQJ WKH EHQHILWV DQG GUDZEDFNV RI WKH PHWKRGRORJ\ DUH GHSHQGHQW RQ WKH WHFKQRORJLFDO LVVXHV RI WKH
GHPRQVWUDWRU
5HJDUGLQJWKHVXVWDLQDELOLW\WKHPHWKRGRORJ\ZHGHYHORSHGLVEHWWHUDWHQYLURQPHQWDOVXVWDLQDELOLW\FRPSDULQJ
WRGLJLWDOSXOVHV\VWHPV'LJLWDOSXOVHERDUGVQHHGGLJLWDOGLVSOD\VOLNH79VFUHHQV7KLVPHDQVWKDWRXWVLGHWKHSXOVH
PHHWLQJV WKHVH VFUHHQV ZRXOG EH UXQQLQJ ZKROH GD\ ZKLFK OHDGV WR HOHFWULFLW\ FRQVXPSWLRQ DQG FRQVHTXHQWO\
LQFUHDVLQJWKHFDUERQIRRWSULQWRIWKHFRPSDQLHV+RZHYHU+30XVHVSK\VLFDOSXOVHERDUGVWRGLVSOD\WKHVWDWXVRI
WKH FRPSDQ\ DW WKH FRUULGRUV 7KHUHIRUH DVVXPLQJ WKDW D IXWXUH GHPRQVWUDWRU DFKLHYHV WZRZD\ LQIRUPDWLRQ
WUDQVIRUPDWLRQWKHQWKLVZLOOHOLPLQDWHWKDWHOHFWULFLW\FRQVXPSWLRQ
&RQFOXVLRQ
,Q WKLV SDSHUZH LQWURGXFHG D QHZGHYLDWLRQPDQDJHPHQWPHWKRGRORJ\ FDOOHG K\EULG SXOVHPHWKRGRORJ\:H
WHVWHG WKH PHWKRGRORJ\ DW WKH ZRUNVKRSV LQ VLPXODWHG JOREDO SXOVH PHHWLQJ VHWWLQJV XVLQJ WKH GHPRQVWUDWRU ZH
GHYHORSHG EDVHG RQ WKH LPDJH UHFRJQLWLRQ WHFKQRORJ\ :H K\SRWKHVL]HG WKDW WKH PHWKRGRORJ\ LQFUHDVHV WKH
FRPPXQLFDWLRQFDSDELOLWLHVRIWKHFRPSDQLHVZKLOHOHWWLQJWKHPNHHSWKHLUROGSK\VLFDOERDUGVDQGLWFRPELQHVWKH
VLPSOLFLW\RISK\VLFDOSXOVHERDUGVZLWKWKHFRPPXQLFDWLRQDQGGDWDVWRUDJHFDSDELOLWLHVRIGLJLWDORQHV7KHUHVXOWV
VKRZHG WKDW RXU K\SRWKHVHV DERXW WKH PHWKRGRORJ\ ZHUH ULJKW 7KLV PHDQV WKDW WKH PHWKRGRORJ\ IXOILOOV WKH
UHTXLUHPHQWVRIWKHFDVHFRPSDQ\E\EULQJLQJEHQHILWVRIGLJLWDOSXOVHERDUGVZLWKRXWFKDQJLQJWKHFXUUHQWV\VWHP
LQXVH7KLV FDQEHJHQHUDOL]HGDV IROORZV WKHPHWKRGRORJ\ LQFUHDVHV WKHFRPPXQLFDWLRQGDWD VWRUDJH DQGGDWD
KLVWRU\EDFNWUDFNLQJFDSDELOLWLHVRIWKHJOREDOFRPSDQLHVWKDWFHQWUDOO\PDQDJHWKHGHYLDWLRQVLQWKHZKROHFRPSDQ\
IURPWKHPDLQRIILFH)XUWKHUPRUHWKHUHVXOWVIURPZRUNVKRSVVKRZHGWKDWWKHPHWKRGRORJ\LVDOVRXVHIXOIRUWKH
FRPSDQLHVWKDWDUHLQWKHWUDQVLWLRQSHULRGRISDVVLQJIURPXVLQJRQO\SK\VLFDOERDUGVWRXVLQJRQO\GLJLWDOERDUGV
7KH UHVXOWV VKRZHG WKDW WKH K\EULG SXOVH V\VWHP LV EHWWHU WKDQ WKH SK\VLFDO SXOVH V\VWHP IRU DOO FRQGLWLRQV
+RZHYHUFRPSDULQJK\EULGDQGGLJLWDOSXOVHV\VWHPVLVQRWDVHDV\%RWKKDYHWKHLUVWURQJDQGZHDNSRLQWV7KH
UHVXOWV VKRZHG WKDW DOO WKH ZHDN SRLQWV RI WKH K\EULG SXOVH V\VWHP DUH UHODWHG WR WKH GHPRQVWUDWRU QRW WKH
PHWKRGRORJ\LWVHOI7KLVPHDQVWKDWDGHPRQVWUDWRUZKLFKSURYLGHVWZRZD\LQIRUPDWLRQWUDQVIRUPDWLRQDQGXVHV
DQRWKHU UREXVW WHFKQRORJ\ WKDW ZRXOG JHW KLJKHU DFFHSWDQFH OHYHO IURP WKH XVHU WKDQ WKH LPDJH SURFHVVLQJ
WHFKQRORJ\KDVJRWWHQKDVWKHSRWHQWLDORIPDNLQJWKHK\EULGSXOVHV\VWHPWDNHWKHOHDGRIWKDWFRPSDULVRQ
7KH IXWXUH ZRUN IRU WKLV VWXG\ LV DV IROORZV 'HYHORSLQJ D QHZ GHPRQVWUDWRU DV H[SODLQHG LQ WKH SUHYLRXV
SDUDJUDSKDGMXVWLQJWKHPHWKRGRORJ\VRWKDWLWPDNHVXVHRIWKHWZRZD\LQIRUPDWLRQWUDQVIRUPDWLRQIHDWXUHDQG
ILQDOO\KDYLQJDFRPSDULVRQWHVWEHWZHHQWKLVQHZPHWKRGRORJ\DQGGLJLWDOSXOVHV\VWHPV$QRWKHUIHDWXUHWKDWZH
SODQWRDGGLVWRKDYHKXPDQDQGPDFKLQHUHDGDEOH,'VRQWKHPDJQHWVVRWKDWRQHFDQUHIHUWRDSDUWLFXODUGHYLDWLRQ
ZKLOHKDYLQJSXOVHPHHWLQJVDQGVDYHWKHLQIRUPDWLRQDERXWWKDWGHYLDWLRQLQWKHGDWDEDVHLQDVWUXFWXUHGZD\
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